Study on the efficiency of using rock dust and fly ash as additives to asphalt concrete by มานิตย์, เชิดชูนคร
	



 ! "#$	%&	'
('	)* !+,  
 
 
 
 
 
 
 
 
 
 
   	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 	
  !"# $ %&&
'
 ( 2552 
STUDY ON THE EFFICIENCY OF USING ROCK DUST 
AND FLY ASH AS ADDITIVES TO  
ASPHALT CONCRETE 
 
 
 
 
Manit  Cherdchoonakhorn 
 
 
 
 
 
 
 
A Thesis Submitted in Partial Fulfillment of the Requirements for the 
Degree of Master of Engineering in Transportation Engineering 
Suranaree University of Technology 
Academic Year 2009 
	



 ! "#$	%&	'
('	)* !+,  
 
 	
 			
 !"#"$% $&	$'((	)* 
   )+$$ 
 
 ______________________________  
 (%. -.	."%  	) 
  +$$ 
 
 ______________________________  
 (0%. -.1  ) 
 $$ (2! $&) 
 
 ______________________________  
 (. -.(3	  4"
3") 
  $$ 
 
  
  
 
  
  
 
 
 
 
 
 
 
 ___________________________________    __________________________________________  (%. -.3'$2  627")                                       (%. .. -.2  #7%) "$-893$                                      )-7	$3%$% 
  	

 : 
 !"#$	%$$&	'() *	+#,-$. (STUDY ON THE EFFICIENCY OF USING ROCK 
DUST AND FLY ASH AS ADDITIVES TO ASPHALT CONCRETE)  /.+ : *
1(/ .%   $, 120 ". 
 -// 6)	(%./7(8 7".)9%"6:1	 *(//%;	'1(7)<))6#.+"(7)<1 	(
.+.1$ 7"*(//."$	=(8 	;+	'	
1)8/7"% #$	 6)	" %&1 #$-// 6)&.7() 

1/7(7")6	$$ ))8)8.8/	'$7 !".+	"$;/6(*$#,-$. #$.8	%$.+&/	*&"%1"$&/>&,,?#1	 	'() *	+1(*#,-$. @+(/))8.8/
 
AC 60-70 	1)6 4.0  4.5  5.0  5.5 #$ 6.0 		@=>87")1(*#,-$. 	;+&1		@=.+	"#$(/7*	+(@.	#$	.+"+  !"#$.8	%$@+/
(/))8.8	1)6 1.0  1.5  2.0  2.5  3.0  4.0 #$ 5.0 		@=>87") >
1(*@.	#$	.+"+	')(	.6	.6 /)8/(	"1.+&/,())"(1 		@=)6 (1) ("#1 (2) 		@=
1(1 (3) 1&"$ (4) 	%. (5) 		@=
1(11(.+%#.+(#,-$ #$ (6) 		@=
1(1"(1() ($( "F"$( >/
$((.#
$$F ASTM D1559-82 #$6"1>$)>(.# 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  	

   		  	
	 2552                        

	  
MANIT  CHERDCHOONAKHORN : STUDY ON THE EFFICIENCY OF 
USING ROCK DUST AND FLY ASH AS ADDITIVES TO ASPHALT 
CONCRETE. THESIS ADVISOR : ASST. PROF. THIRAYOOT  
LIMANOND, Ph.D., 120 PP. 
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Nowadays, usage of automobile is rapidly increasing. Therefore, needs for 
developments of roadways are considered high priority. The primary concern is the 
surface of streets. Since it is used all time, the surface wears out very quickly causing 
potholes and roughness and, subsequently resulting accidents to occur very easily. 
Presently, many natural materials are being used in road constructions causing rapid 
decrement in such resources. This experiment uses rock dust left from asphalt 
concrete manufacturing and fly ash, by-product from burning of lignite from Mae 
Moh Power Plant, as additives to asphalt concrete compound. This research will use 
the AC 60-70 rubber in the amount of 4.0, 4.5, 5.0, 5.5 and 6.0 percent by weight, 
respectively, as additive to the asphalt concrete compound. Then, when an appropriate 
percentage is obtained, No.1 Portland cement, rock dust and fly ash, in the amount of 
1.0, 1.5, 2.0, 2.5, 3.0, 4.0 and 5.0 percent, respectively, will be added using No. 1 
Portland cement compound as reference. Finally, the study will observe which one of 
the values, resulted in graph showing the relation between percentages of rubber 
added and (1) Density, (2) %Air Voids, (3) Flow, (4) Stability, (5) %Voids Filled with 
Bitumen (VFB), and (6) %Voids in Mineral Aggregate (VMA). The experiment uses 
 
Marshal’s procedure under the ASTM D1559-82 standards and Dynamic Indirect 
Tensile Stiffness Modulus.   
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 (Tienfuan Kerh et al., 2005) 
Items Rock flour R.f + 1% Lime R.f + 1% Cement Codes 
Unit weight (kg/m3) 2.370 2.368 2.372 - 
Stability value (kg) 1222 1327 1236 > 600 
Flow value (0.01#) 14.25 13.10 14.23 8 - 16 
Void rate(%) 3.45 3.35 3.43 3 - 5 
V.M.A. (%) 13.70 13.90 13.80 > 13 
Best oil content (%) 5.3 5.5 5.4 - 
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 - 2.2 
	0?'>	 (Shaopeng Wu et al., 2006) 
Items Bulk density (g/cm3) Cumulus density (g/cm3) 
Water 
Absorption 
(%) 
Crushing 
value 
(%) 
Polishing 
stone 
value (%) 
Binder 
adhesion 
(%) 
LA abrasion 
(%) 
Steel slag 3.30 1.90 1.29 12.1 58 > 95 13.2 
Basalt 2.85 1.70 0.68 12.7 48 > 85 15.8 
 
 - 2.3 
	0 1

 (Shaopeng Wu et al., 2006) 
Items Optimal asphalt content (%) Density (g/cm3) Air voids (%) VMA (%) Marshall stability (kN) 
Steel slag 6.4 2.610 3.9 18.5 10.8 
Basalt 6.2 2.520 4.0 18.7 11.5 
Specifications - - 3-4 > 17.0 > 6.0 
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- 2.4 
0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( (Ratnasamy Muniandy et al., 2008) 
Chemical (elemental) analysis 
using EDX Weight % 
ASTM C618, Class N, 
(Natural Pozzolan) 
Calcium Carbonate, Ca Co3 10.33 - Silicon Dioxide, Si O2 54.57 - Magnesium Oxide, Mg O 4.22 5.0% Maximum 
Aluminum Oxide, Al2 O3 8.24 - Calcium, Ca 6.85 - 
Titanium, Ti 0.33 - 
Iron, Fe 14.28 - 
Sum of Si O2, Al2 O3, Fe 77.09 70% Minimum Feldspar, K Potassium 0.76 - 
Available Alkalis as Na2O - 1.5% Maximum Sulfur Trioxide, SO2 - 4% Minimum (ASTMC114)  - 2.5  (Ratnasamy Muniandy et al., 2008) 
Chemical (elemental) analysis 
using EDX Weight % 
ASTM C618, Class N, 
(Natural Pozzolan) 
Calcium Carbonate, Ca Co3 7.27 - Silicon Dioxide, Si O2 45.70 - Magnesium Oxide, Mg O 0.45 5.0% Maximum 
Aluminum Oxide, Al2 O3 - - Calcium, Ca 40.77 - 
Titanium, Ti - - 
Iron, Fe - - 
Sum of Si O2, Al2 O3, Fe 45.70 70% Minimum Feldspar, K Potassium - - 
Available Alkalis as Na2O - 1.5% Maximum Sulfur Trioxide, SO2 - 4% Minimum (ASTMC114)  
 
 
22 
- 2.6 
0&   (Ratnasamy Muniandy et al., 2008) 
Chemical (elemental) analysis 
using EDX Weight % 
ASTM C618, Class N, 
(Natural Pozzolan) 
Calcium Carbonate, Ca Co3 8.00 - Silicon Dioxide, Si O2 79.94 - Magnesium Oxide, Mg O 0.45 5.0% Maximum 
Aluminum Oxide, Al2 O3 8.54 - Calcium, Ca 40.77 - 
Titanium, Ti 0.31 - 
Iron, Fe 1.11 - 
Sum of Si O2, Al2 O3, Fe 84.59 70% Minimum Feldspar, K Potassium 1.55 - 
Available Alkalis as Na2O - 1.5% Maximum Sulfur Trioxide, SO2 2.02 4% Minimum (ASTMC114) 
 ! 2.7 %& (Ratnasamy Muniandy et al., 2008) 
Chemical (elemental) analysis 
using EDX Weight % 
ASTM C618, Class N, 
(Natural Pozzolan) 
Calcium Carbonate, Ca Co3 4.25 - Silicon Dioxide, Si O2 41.41 - Magnesium Oxide, Mg O 0.36 5.0% Maximum 
Aluminum Oxide, Al2 O3 16.71 - Calcium, Ca 1.07 - 
Titanium, Ti 0.82 - 
Iron, Fe 17.45 - 
Sum of Si O2, Al2 O3, Fe 95.93 70% Minimum Feldspar, K Potassium 0.33 - 
Available Alkalis as Na2O 0.64 1.5% Maximum Sulfur Trioxide, SO2 - 4% Minimum (ASTMC114)  
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Hanifi Binici et al. (2007) )0'/	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           (Saad and Haider, 2005) 
Upper limit of ASTM for dense aggregate gradation (A) 
Mid limits of ASTM for dense aggregate gradation (B) 
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Md. Jahir et al. (2006) )0'/		1'&'
(
	)&*+ 03& 	 3-*#)0' 	!&'
(
	) 1'(	'%
(0'&	-(		' &,2- &*+)*)0'	!  03& ?0(	/	)0'!	0 5 &*&3;  10 &*&3;  15 &*&3; 
 20 &*&3;  
!0 ?0(/	# & 
0	!
0-(# = )0'
	0
0- 2.8 
 2.9 
 - 2.8 
0& &'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	) (Md. Jahir et al., 2006) 
Constituents %Weight 
SiO2 23.72 Al2O3 5.30 Fe2O3 2.8 CaO 65.80 
MgO 1.26 
K2O 1.60 Surface area 755 m2/g 
 
 
 
 
 
 
 
26 
- 2.9 
0	!
0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 28  (Md. Jahir et al., 2006) 
Types of cement 
Age (Days)  
Stress (psi)of 
Shah special 
cement 
Stress (psi)of 
Shah special 
cement with 5% 
Fly ash 
Stress (psi)of 
Shah special 
cement with 10% 
Fly ash 
Stress (psi)of 
Shah special 
cement with 15% 
Fly ash 
Stress (psi)of 
Shah special 
cement with 
20% Fly ash 
3 2332.08 2187.08 2189.01 2165.33 2078.45 
7 3169.06 2929.84 3196.28 3081.25 2976.42 
28 4046.46 3547.18 3991.4 3651.1 3579.55 
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   (Mustafa and Serdal, 2005) 
Sieve Filler/bitumen ratio in volume 0.4 0.5 0.6 0.7 0.8 
1F 100.00 100.00 100.00 100.00 100.00 
3/4F 100.00 100.00 100.00 100.00 100.00 
1/2F 81.95 85.37 88.90 92.40 95.63 
3/8F 71.85 74.68 77.67 80.60 83.32 
NO.4 52.90 56.14 59.50 62.80 65.86 
NO.10 36.85 39.91 43.10 46.20 49.09 
NO.40 17.65 19.99 22.42 24.80 27.01 
NO.80 9.50 11.30 13.17 15.00 16.70 
NO.200 4.30 5.40 6.50 7.60 8.60 
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 (Mustafa and Serdal, 2005) 
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14 
15 
Limestone dust 
Marble Dust 
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&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 .-.414/2547 
 
3.3    
5")4

$
C-	

"+
%")4$
&
D  6/,$

#
00	& $
&$
 $
"E)
/	 #&
/
 %$

&,)F


 (F5) &
-
-"00-
 %&	-"
%& %#
< 
& 8 	
")4 2 / 
1) &-
 
  ")4,
%" 4 (4.75 ") !
$
C-	

6
*6 "+
%")4
D%6/, !" 6)
,-	
%"- -	
1D

6/,&-
,$

%,-"+
%#%
31 
$
6&,/		

"1)%$
6&,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
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&

"D (Gradation) 0-*	
%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1	,
 (Dry 
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
7
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
&  .-.204/2516 
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&
	

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% (Specific Gravity) 

7

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	

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
7
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
&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&1	"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	


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
7

      
&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 5  	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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
7
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
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 .-.205/2517 
• 
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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% (Specific Gravity) 
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
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

 (Soundness) 0-6/,0!"-!"#$
 5  	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&
	
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 Sand Equivalent 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3.4  (Asphaltic Concrete) 
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
$
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
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-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0-	-	
&E()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Indirect Tensile Stiffness Modulus) 
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
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 ! (Average Specific Gravity Blend) 
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1
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P
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P
G
F
F
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 "5 Gag = 	
"L-
	#$
"+
%   PF = )
* (") "!D 0-) 
 P1 = )
&89 (") "!D 0-)  P2 = )
& 3/8  (") "!D 0-)  P3 = )
 1/2  (") "!D 0-)  P4 = )
 3/4  (") "!D 0-)  GF = 
	#$
"+
%*  G1 = 
	#$
"+
%&89  G2 = 
	#$
"+
% 3/8   G3 = 
	#$
"+
% 1/2   G4 = 
	#$
"+
% 3/4 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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 0- (% Asphalt by Mass of Mix) 
 
( )a
ab
+
=
100
100                      (3.2) 
 "5 b = )
 (") "!D  0-) 
 	

	#$
"+
%0- (Virtual Specific Gravity) 
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b
G
bG
100
100                     (3.3) 
 "5 Gv = 	

	#$
"+
%0- Gm = Theoretical Maximum Specific Gravity Gac = 	

	#$
"+
% !" 
 )
 ((!0-")4") "!D 0- 
(Asphalt Lost by Absorption, Aac)     
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x
×
−
= 100                    (3.4) 
 "5 x = )
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 ((!0-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 
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
 )%.*")4") "!D 0-  
(% Effective Asphalt Cement by Mass of Mix)   
  
 ( )
100
100 bxbc −−=                     (3.5) 
 "5 c = )
 )%.* (")4") "!D 0- ) 
 )
 )%.*")4") "!D 0-)
  
(% Volume of Effective Asphalt Cement by Volume of Mix)       
 
agG
icj ×=                      (3.6) 
 "5 j = )
 )%.* (")4") "!D 0-)
 
     ) 
 )
")4") "!D 0-)
  
(% Volume of Aggregate by Volume of Mix)   
        
 ( )
agG
ibk −= 100                     (3.7) 
 "5 k = )
 (")4") "!D 0-)
 ) 
 )
/		
%&	
")4") "!D 0-)
  
(% Voids in the Mineral Aggregate by Volume of Mix) 
          
kl −=100                      (3.8) 
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
< (")4") "!D 0-)
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
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&
	 (Density) 	
") "!D /	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< (%Air Voids) 	

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"-E
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
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-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, (Indirect Tensile Stiffness Modulus (Sm) in MPa) 
           
 ( ) ( )270.vtDLSm +××=                  (3.10) 
 "5 Sm = 	
0(,

0-.
, 
 L = %$
6 () 
 D = ",*	
<(- 
,-	
  (.) 
 t = 
&
,-	
 (.) 
 v = 	

	 (Poisson?s ration) &E( 
 
Pneumatic load actuator 
Steel load frame 
Load cell 
Upper loading platen 
Test specimen 
LVDT adjuster 
LVDT mounting frame 
Lower loading plater 
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y = -18.86x2 + 129.1x + 2203.
R² = 0.974
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+' 
+3
+ (Los Angeles Abrasion) -&$
%3 31.23 %%(5 (0"+"-3% 40 %%(5) 
3 (Soundness) -&$
%3 0.95 %%(5 (0"+"-3% 9 %%(5) 
37 (Flakiness Index) -&$
%3 28 %%(5 (0"+"-3% 30 %%(5) 
7' (Elongation Index) -&$
%3 18 %%(5 (0"+"-3% 30 %%(5) 
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%' 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 (Soundness) -&$
%3 4.10 %%(5 (0"+"-3% 9 %%(5) 
+3'
8' (Sand 
Equivalent) -&$
%3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 %(5  (0"+"-3&'3 30 %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%(5 (0"+"'83+3" 3 - 5 %%(5) 3%
,' %3 2,224  (0"+"-3&'3 1,800 ) 3-+%3 10 (1/100/) (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Description 
Hot Bin 1 Hot Bin 
Total Passing # 
200 
Retained # 
200 Total Bin 2 Bin 3 Bin 4 
Mix Proportion (%)  - - 54 19 12 15 100 
Bulk Specific Gravity  - 2.698 2.703 2.725 2.758 2.722 2.717 
Apparent Specific Gravity 2.753 2.760 2.756 2.770 2.788 2.761 2.763 
Effective Specific Gravity - - - - - - 2.734 
Water Absorption (%)  - 0.82 - 0.59 0.39 0.52 - 
Flakiness Index (%) 26 28 30 28 
Elongation Index (%) 7 28 23 18 
Asphalt Absorption (%) 0.25 
Los Angeles Abrasion (%) Aggregate 3/4 =     31.23 % 
Soundness (% Wt.Loss) Aggregate 3/4 =     0.95  %,Fine Aggregate =     4.1 % 
Sand Equivalent (%) 71% 
  MIXTURE   
Asphalt Cement (AC 60/70) ( % by Mass of Aggregate ) 4.8 ±0.3% 
Marshall Density        g/ml 2.418  - 
Marshall Air Voids        %  4.8 3-5  
Voids in Mineral Aggregate       %  15 ≥14 
Voids Filled with Bitumen       %  68.1  - 
Marshall Stability       Lbs  2,224 ≥1,800  
Marshall Flow       0.01" 10   8-16 
Marshall Stability / Marshall Flow     Lbs/0.01"  222.4 ≥160  
Strength Index       % 81.8 ≥ 75 
Percent Compaction     98% of Daily Compaction Density 
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 -* 1:2:3:4 = 54:19:12:15   $
% AC 60-70 (..%/
) (Gag) =2.717    (..$
% (Gac) =1.03 #  =75     %0$1) (x) =0.25 
 
No.  1 2 3 1 2 3 1 2 3 
%AC by Mass of Agg. (a)   4     4.5     5   
%AC by Mass of Mix   (b)   3.85     4.31     4.76   
%Eff. AC by Mass of Mix(c) : b-x(100-b)/100   3.61     4.07     4.53   
Spec. Hgt.         in(d)                                      
Mass in Air                   g(e) 1236.9 1236.6 1233.1 1240.3 1238.1 1240.1 1237.7 1242.8 1238.7 
Mass Sat. Surface Dry  g(f) 1250.7 1254.4 1246.7 1248.2 1239.3 1243.5 1240.2 1243.6 1242.0 
Mass in Water              g(g) 721.8 725.1 719.4 730.9 723.5 726.2 729.0 732.7 732.3 
Bulk Volume                ml (h):f-g 528.9 529.3 527.3 517.3 515.7 517.3 511.2 510.9 509.7 
Bulk Density                g/ml (i):e/h 2.339 2.336 2.339 2.398 2.401 2.397 2.421 2.433 2.430 	
   2.338     2.399     2.428   
VOIDS ANALYSIS                   
Volume AC     %Total (j):c*i/Gac   8.2     9.5     10.7   
Volume Agg    %Total (k):(100-b)i/Gag   82.8     84.5     85.1   
VMA              %         (l):100-k   17.2     15.5     14.9   
Air Voids        %         (m):l-j   9.1     6.0     4.2   
VFB                %         (n):100*j/l   47.5     61.1     71.8   	                   
Measurement                   lbs 2428 2514 2456 2514 2342 2536 2496 2308 2376 
Adjust                              lbs 2161 2162 2186 2237 2249 2257 2222 2216 2210 	
	              lbs   2170     2248     2216                      
Measurement       1/100 in (0.25 mm) 9 9 9 10 10 10 11 11 11 	
       1/100 in (0.25 mm)   9     10     11   
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 -* 1:2:3:4 = 54:19:12:15   $
% AC 60-70 (..%/
) Filler (Gag) =2.716   (..$
% (Gac) =1.03 #  =75     %0$1) (x) =0.25 
 
No.  1 2 3 1 2 3 
%AC by Mass of Agg. (a)   5.5     6   
%AC by Mass of Mix   (b)   5.21     5.66   
%Eff. AC by Mass of Mix(c) : b-x(100-b)/100   4.98     5.43   
Spec. Hgt.         in(d)                          
Mass in Air                   g(e) 1237.3 1237.0 1237.5 1242.1 1243.9 1238.6 
Mass Sat. Surface Dry  g(f) 1238.8 1246.9 1239.5 1243.0 1244.8 1239.5 
Mass in Water              g(g) 729.7 737.4 730.7 728.7 729.0 725.8 
Bulk Volume                ml (h):f-g 509.1 509.5 508.8 514.3 515.8 513.7 
Bulk Density                g/ml (i):e/h 2.430 2.428 2.432 2.415 2.412 2.411 	
   2.430     2.413   
VOIDS ANALYSIS             
Volume AC     %Total (j):c*i/Gac   11.8     12.7   
Volume Agg    %Total (k):(100-b)i/Gag   84.8     83.8   
VMA              %         (l):100-k   15.2     16.2   
Air Voids        %         (m):l-j   3.5     3.5   
VFB                %         (n):100*j/l   77.3     78.4   	 
Measurement                   lbs 2211 2394 2222 2165 2068 1988 
Adjust                              lbs 2056 2059 2067 1927 1923 1909 	
	              lbs 2060 1920  
Measurement       1/100 in (0.25 mm) 11 11 11 11 11 11 	
       1/100 in (0.25 mm) 11 11 
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$
% AC 60-70 (..%/
) Filler (Gag) =2.716   (..$
% (Gac) =1.03 #  =75     %0$1) (x) =0.25 
 
No.  1 2 3 4 1 2 3 4 
%AC by Mass of Agg. (a) 4.8  4.8  
%AC by Mass of Mix   (b)  4.58   4.58  
%Eff. AC by Mass of Mix(c) : b-x(100-b)/100  4.34  4.34 
Spec. Hgt.         in(d)  Soaked    Unsoked                
Mass in Air                   g(e) 1247.7 1252.8 1248.5 1250.2 1250.7 1249.1 1250.5 1248.9 
Mass Sat. Surface Dry  g(f) 1253.7 1254.6 1253.9 1254.1 1254.9 1254.0 1255.1 1253.7 
Mass in Water              g(g) 730.2 730.5 731.0 729.3 731.2 730.3 730.4 730.6 
Bulk Volume                ml (h):f-g 523.5 524.1 522.9 524.8 523.7 523.7 524.7 523.1 
Bulk Density                g/ml (i):e/h 2.383 2.390 2.388 2.382 2.388 2.385 2.383 2.387 	
  2.386   2.386 
VOIDS ANALYSIS             
Volume AC     %Total (j):c*i/Gac 10.1 10.1 
Volume Agg    %Total (k):(100-b)i/Gag 83.8 83.8 
VMA              %         (l):100-k 16.2 16.2 
Air Voids        %         (m):l-j 6.1 6.1 
VFB                %         (n):100*j/l 62.2 62.2 	   
Measurement                   lbs 6055 5964 5735 5735 7449 7420 7192 6992 
Adjust                              lbs 5389 5546 5334 5506 6629 6604 6688 6712 	
	              lbs 5444 6658    
Measurement       1/100 in (0.25 mm) 19 20 20 19 15 16 16 16 	
       1/100 in (0.25 mm) 20 16 Strength Index = 

 100 = 81.8% 
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 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
 -* 1:2:3:4 = 54:19:12:15   $
% AC 60-70 (..%/
) (Gag) =2.717    (..$
% (Gac) =1.03 #  =75     %0$1) (x) =0.25 
 
No.  1 2 3 1 2 3 1 2 3 
%AC by Mass of Agg. (a)   4.8 0.5 4.8 1.0 4.8 1.5 
%AC by Mass of Mix   (b)   4.58     4.58     4.58   
%Eff. AC by Mass of Mix(c) : b-x(100-b)/100   4.34     4.34     4.34   
Spec. Hgt.         in(d)                                      
Mass in Air                   g(e) 1245.9 1245.1 1248.3 1257.5 1261.8 1259.1 1262.5 1262.7 1264.6 
Mass Sat. Surface Dry  g(f) 1247.3 1246.3 1250.3 1258.2 1262.8 1257.1 1263.5 1263.7 1265.4 
Mass in Water              g(g) 731.9 731.4 733.0 740.3 743.2 738.8 748.8 749.5 749.0 
Bulk Volume                ml (h):f-g 515.5 515.0 517.3 517.9 519.6 518.3 514.7 514.2 516.4 
Bulk Density                g/ml (i):e/h 2.417 2.418 2.413 2.428 2.429 2.429 2.453 2.456 2.449 	
   2.416     2.429     2.452   
VOIDS ANALYSIS                   
Volume AC     %Total (j):c*i/Gac   10.2     10.2     10.3   
Volume Agg    %Total (k):(100-b)i/Gag   84.9     85.3     86.2   
VMA              %         (l):100-k   15.1     14.7     13.8   
Air Voids        %         (m):l-j   4.9     4.4     3.5   
VFB                %         (n):100*j/l   67.3     69.7     74.7   	                   
Measurement                   lbs 2474 2479 2456 2622 2662 2622 2548 2582 2582 
Adjust                              lbs 2300 2306 2284 2439 2369 2439 2446 2479 2479 	
	              lbs   2297     2415     2468                      
Measurement       1/100 in (0.25 mm) 10 11 10 11 11 11 11 11 11 	
       1/100 in (0.25 mm)   10.3     10.6     11.0   
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 -* 1:2:3:4 = 54:19:12:15   $
% AC 60-70 (..%/
) Filler (Gag) =2.716   (..$
% (Gac) =1.03 #  =75     %0$1) (x) =0.25 
 
No.  1 2 3 1 2 3 1 2 3 
%AC by Mass of Agg. (a)   4.8 2.0 4.8 2.5 4.8 3.0 
%AC by Mass of Mix   (b)   4.58     4.58   4.58   
%Eff. AC by Mass of Mix(c) : b-x(100-b)/100   4.34     4.34   4.34   
Spec. Hgt.         in(d)                          
Mass in Air                   g(e) 1268.0 1267.7 1266.4 1278.1 1273.9 1273.4 1283.2 1279.8 1282.1 
Mass Sat. Surface Dry  g(f) 1268.8 1268.2 1267.2 1278.5 1274.8 1274.0 1283.9 1283.7 1284.0 
Mass in Water              g(g) 755.4 754.3 753.4 764.2 757.6 758.4 769.9 765.0 763.9 
Bulk Volume                ml (h):f-g 513.4 513.9 513.8 514.3 517.3 515.6 514.0 518.7 520.1 
Bulk Density                g/ml (i):e/h 2.470 2.467 2.465 2.485 2.463 2.470 2.497 2.467 2.465 	
   2.467     2.473   2.476 
VOIDS ANALYSIS             
Volume AC     %Total (j):c*i/Gac   10.4     10.4     10.4   
Volume Agg    %Total (k):(100-b)i/Gag   86.7     86.9     87.0   
VMA              %         (l):100-k   13.3     13.1     13.0   
Air Voids        %         (m):l-j   2.9     2.7     2.6   
VFB                %         (n):100*j/l   78.1     79.4     80.3   	 
Measurement                   lbs 2753 2645 2719 2679 2753 2748 2651 2822 2851 
Adjust                              lbs 2561 2539 2529 2572 2561 2555 2545 2512 2537 	
	              lbs   2543     2563     2531                      
Measurement       1/100 in (0.25 mm) 11 11 11 12 12 11 11 11 11 	
       1/100 in (0.25 mm)   11.3     11.6     11.4   
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 -* 1:2:3:4 = 54:19:12:15   $
% AC 60-70 (..%/
) Filler (Gag) =2.716   (..$
% (Gac) =1.03 #  =75     %0$1) (x) =0.25 
 
No.  1 2 3 1 2 3 
%AC by Mass of Agg. (a)   4.8 4.0 4.8 5.0 
%AC by Mass of Mix   (b)   4.58     4.58   
%Eff. AC by Mass of Mix(c) : b-x(100-b)/100   4.34     4.34   
Spec. Hgt.         in(d)                          
Mass in Air                   g(e) 1294.7 1292.9 1295.0 1308.3 1308.2 1304.4 
Mass Sat. Surface Dry  g(f) 1295.7 1294.3 1295.9 1308.9 1309.0 1305.2 
Mass in Water              g(g) 773.3 773.7 777.4 782.6 787.6 777.0 
Bulk Volume                ml (h):f-g 522.4 520.6 518.5 526.2 521.4 528.2 
Bulk Density                g/ml (i):e/h 2.478 2.484 2.498 2.486 2.509 2.470 	
   2.487     2.488   
VOIDS ANALYSIS             
Volume AC     %Total (j):c*i/Gac   10.5     10.5   
Volume Agg    %Total (k):(100-b)i/Gag   87.4     87.4   
VMA              %         (l):100-k   12.6     12.6   
Air Voids        %         (m):l-j   2.2     2.1   
VFB                %         (n):100*j/l   82.9     83.3   	 
Measurement                   lbs 2771 2793 2811 2679 2674 2668 
Adjust                              lbs 2466 2486 2501 2492 2486 2374 	
	              lbs   2484     2451                
Measurement       1/100 in (0.25 mm) 11 10 10 9 9 9 	
       1/100 in (0.25 mm)   10.4     9.2   
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 -*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$
% AC 60-70 (..%/
) (Gag) =2.717    (..$
% (Gac) =1.03 #  =75     %0$1) (x) =0.25 
 
No.  1 2 3 1 2 3 1 2 3 
%AC by Mass of Agg. (a)   4.8 0.5   4.8 1   4.8 1.5 
%AC by Mass of Mix   (b)   4.58     4.58     4.58   
%Eff. AC by Mass of Mix(c) : b-x(100-b)/100   4.34     4.34     4.34   
Spec. Hgt.         in(d)                                      
Mass in Air                   g(e) 1250.7 1251.4 1251.1 1262.1 1258.5 1257.8 1264.6 1265.0 1263.8 
Mass Sat. Surface Dry  g(f) 1251.2 1254.0 1252.5 1262.8 1259.1 1258.8 1266.2 1265.8 1265.1 
Mass in Water              g(g) 734.4 734.2 735.9 746.8 742.7 743.2 750.9 749.4 751.0 
Bulk Volume                ml (h):f-g 516.8 519.8 516.6 516.0 516.4 515.6 515.2 516.4 514.1 
Bulk Density                g/ml (i):e/h 2.420 2.407 2.422 2.446 2.437 2.440 2.454 2.450 2.458 	
   2.416     2.441     2.454   
VOIDS ANALYSIS             
Volume AC     %Total (j):c*i/Gac   10.2     10.3     10.3   
Volume Agg    %Total (k):(100-b)i/Gag   84.9     85.8     86.2   
VMA              %         (l):100-k   15.1     14.2     13.8   
Air Voids        %         (m):l-j   4.9     4.0     3.4   
VFB                %         (n):100*j/l   67.4     72.2     75.1   	                   
Measurement                   lbs 2348 2514 2371 2302 2474 2582 2508 2485 2479 
Adjust                              lbs 2184 2237 2276 2302 2300 2298 2332 2386 2380 	
	              lbs   2232     2300     2366                      
Measurement       1/100 in (0.25 mm) 10 10 10 10 11 11 11 11 11 	
       1/100 in (0.25 mm)   10.3     11.6     11.8   
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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 -* 1:2:3:4 = 54:19:12:15   $
% AC 60-70 (..%/
) Filler (Gag) =2.716   (..$
% (Gac) =1.03 #  =75     %0$1) (x) =0.25 
 
No.  1 2 3 1 2 3 1 2 3 
%AC by Mass of Agg. (a)   4.8 2   4.8 2.5   4.8 3 
%AC by Mass of Mix   (b)   4.58     4.58     4.58   
%Eff. AC by Mass of Mix(c) : b-x(100-b)/100   4.34     4.34     4.34   
Spec. Hgt.         in(d)                                      
Mass in Air                   g(e) 1271.2 1270.7 1269.9 1279.0 1277.3 1277.4 1282.2 1283.4 1283.2 
Mass Sat. Surface Dry  g(f) 1271.9 1271.4 1270.4 1279.4 1277.9 1277.6 1283.0 1284.7 1284.5 
Mass in Water              g(g) 760.0 756.8 757.5 765.3 764.0 763.6 767.3 767.8 769.4 
Bulk Volume                ml (h):f-g 511.9 514.6 512.9 514.1 513.9 514.0 515.7 516.9 515.1 
Bulk Density                g/ml (i):e/h 2.483 2.469 2.476 2.488 2.485 2.485 2.486 2.483 2.491 	
   2.476     2.486     2.487   
VOIDS ANALYSIS             
Volume AC     %Total (j):c*i/Gac   10.4     10.5     10.5   
Volume Agg    %Total (k):(100-b)i/Gag   87.0     87.3     87.4   
VMA              %         (l):100-k   13.0     12.7     12.6   
Air Voids        %         (m):l-j   2.6     2.2     2.1   
VFB                %         (n):100*j/l   80.2     82.8     83.0   	                   
Measurement                   lbs 2588 2605 2331 2616 2536 2428 2651 2753 2674 
Adjust                              lbs 2407 2423 2424 2433 2435 2428 2465 2451 2486 	
	              lbs   2418     2432     2467                      
Measurement       1/100 in (0.25 mm) 11 11 11 11 11 11 11 11 11 	
       1/100 in (0.25 mm)   11.3     11.4     11.3   
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
 -* 1:2:3:4 = 54:19:12:15   $
% AC 60-70 (..%/
) Filler (Gag) =2.716   (..$
% (Gac) =1.03 #  =75     %0$1) (x) =0.25 
 
No.  1 2 3 1 2 3 
%AC by Mass of Agg. (a)   4.8 4   4.8 5 
%AC by Mass of Mix   (b)   4.58     4.58   
%Eff. AC by Mass of Mix(c) : b-x(100-b)/100   4.34     4.34   
Spec. Hgt.         in(d)                          
Mass in Air                   g(e) 1298.2 1295.6 1298.5 1308.6 1309.1 1306.8 
Mass Sat. Surface Dry  g(f) 1300.6 1296.8 1300.1 1309.8 1310.3 1307.7 
Mass in Water              g(g) 778.1 773.7 776.3 781.3 780.2 778.7 
Bulk Volume                ml (h):f-g 522.5 523.1 523.8 528.5 530.1 529.0 
Bulk Density                g/ml (i):e/h 2.485 2.477 2.479 2.476 2.470 2.470 	
   2.480     2.472   
VOIDS ANALYSIS         
Volume AC     %Total (j):c*i/Gac   10.5     10.4   
Volume Agg    %Total (k):(100-b)i/Gag   87.1     86.8   
VMA              %         (l):100-k   12.9     13.2   
Air Voids        %         (m):l-j   2.4     2.7   
VFB                %         (n):100*j/l   81.2     79.2   	             
Measurement                   lbs 2645 2582 2776 2542 2531 2662 
Adjust                              lbs 2460 2479 2471 2364 2354 2369 	
	              lbs   2470     2362                
Measurement       1/100 in (0.25 mm) 11 11 11 10 9 9 	
       1/100 in (0.25 mm)   10.8     9.6   
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 -* 1:2:3:4 = 54:19:12:15   $
% AC 60-70 (..%/
) (Gag) =2.717    (..$
% (Gac) =1.03 #  =75     %0$1) (x) =0.25 
 
No.  1 2 3 1 2 3 1 2 3 
%AC by Mass of Agg. (a)   4.8 0.5   4.8 1   4.8 1.5 
%AC by Mass of Mix   (b)   4.58     4.58     4.58   
%Eff. AC by Mass of Mix(c) : b-x(100-b)/100   4.34     4.34     4.34   
Spec. Hgt.         in(d)                                      
Mass in Air                   g(e) 1249.4 1248.4 1251.4 1259.7 1258.4 1258.6 1264.1 1256.4 1260.9 
Mass Sat. Surface Dry  g(f) 1252.5 1250.4 1256.0 1260.9 1259.4 1259.6 1264.8 1261.6 1262.1 
Mass in Water              g(g) 735.6 734.4 737.5 741.0 739.4 740.1 747.6 743.4 743.6 
Bulk Volume                ml (h):f-g 516.9 516.0 518.5 519.9 520.0 519.5 517.2 518.2 518.5 
Bulk Density                g/ml (i):e/h 2.417 2.419 2.413 2.423 2.420 2.423 2.444 2.424 2.432 	
   2.417     2.422     2.434   
VOIDS ANALYSIS             
Volume AC     %Total (j):c*i/Gac   10.2     10.2     10.3   
Volume Agg    %Total (k):(100-b)i/Gag   84.9     85.1     85.5   
VMA              %         (l):100-k   15.1     14.9     14.5   
Air Voids        %         (m):l-j   4.9     4.7     4.2   
VFB                %         (n):100*j/l   67.5     68.5     70.7   	                   
Measurement                   lbs 2519 2536 2485 2565 2428 2485 2542 2691 2645 
Adjust                              lbs 2167 2257 2311 2283 2331 2311 2364 2314 2354 	
 	              lbs   2245     2308     2344                      
Measurement       1/100 in (0.25 mm) 10 10 10 11 10 11 11 11 11 	
       1/100 in (0.25 mm)   10.2     10.5     10.6   
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 -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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 1:2:3:4 = 54:19:12:15   $
% AC 60-70 (..%/
) Filler (Gag) =2.716   (..$
% (Gac) =1.03 #  =75     %0$1) (x) =0.25 
 
No.  1 2 3 1 2 3 1 2 3 
%AC by Mass of Agg. (a)   4.8 2   4.8 2.5   4.8 3 
%AC by Mass of Mix   (b)   4.58     4.58     4.58   
%Eff. AC by Mass of Mix(c) : b-x(100-b)/100   4.34     4.34     4.34   
Spec. Hgt.         in(d)                                      
Mass in Air                   g(e) 1269.2 1268.6 1269.1 1276.4 1272.8 1277.3 1282.3 1282.6 1280.6 
Mass Sat. Surface Dry  g(f) 1271.1 1270.2 1270.8 1278.1 1274.4 1279.2 1282.9 1283.5 1282.6 
Mass in Water              g(g) 751.7 750.2 750.9 758.1 752.5 758.7 762.2 764.3 761.6 
Bulk Volume                ml (h):f-g 519.4 520.0 519.9 520.0 521.9 520.5 520.7 519.2 521.0 
Bulk Density                g/ml (i):e/h 2.444 2.440 2.441 2.455 2.439 2.454 2.463 2.470 2.458 	
   2.442     2.449     2.464   
VOIDS ANALYSIS             
Volume AC     %Total (j):c*i/Gac   10.3     10.3     10.4   
Volume Agg    %Total (k):(100-b)i/Gag   85.8     86.0     86.6   
VMA              %         (l):100-k   14.2     14.0     13.4   
Air Voids        %         (m):l-j   3.9     3.6     3.1   
VFB                %         (n):100*j/l   72.4     74.0     77.2   	                   
Measurement                   lbs 2565 2565 2691 2736 2719 2605 2611 2731 2811 
Adjust                              lbs 2385 2385 2395 2435 2420 2423 2428 2430 2417 	
	              lbs   2389     2426     2425                      
Measurement       1/100 in (0.25 mm) 11 11 11 11 11 11 10 10 10 	
       1/100 in (0.25 mm)   10.9     10.6     10.1   
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% AC 60-70 (..%/
) Filler (Gag) =2.716   (..$
% (Gac) =1.03 #  =75     %0$1) (x) =0.25 
 
No.  1 2 3 1 2 3 
%AC by Mass of Agg. (a)   4.8 4   4.8 5 
%AC by Mass of Mix   (b)   4.58     4.58   
%Eff. AC by Mass of Mix(c) : b-x(100-b)/100   4.34     4.34   
Spec. Hgt.         in(d)                          
Mass in Air                   g(e) 1293.9 1292.9 1292.0 1307.5 1306.8 1305.9 
Mass Sat. Surface Dry  g(f) 1295.1 1293.9 1293.8 1308.4 1308.9 1306.6 
Mass in Water              g(g) 771.6 770.5 771.5 781.8 781.6 781.7 
Bulk Volume                ml (h):f-g 523.5 523.4 522.3 526.6 527.3 524.9 
Bulk Density                g/ml (i):e/h 2.472 2.470 2.474 2.483 2.478 2.488 	
   2.472     2.483   
VOIDS ANALYSIS         
Volume AC     %Total (j):c*i/Gac   10.4     10.5   
Volume Agg    %Total (k):(100-b)i/Gag   86.8     87.2   
VMA              %         (l):100-k   13.2     12.8   
Air Voids        %         (m):l-j   2.7     2.3   
VFB                %         (n):100*j/l   79.2     82.0   	             
Measurement                   lbs 2713 2588 2719 2548 2656 2691 
Adjust                              lbs 2415 2407 2420 2369 2364 2395 	
	              lbs   2414     2376                
Measurement       1/100 in (0.25 mm) 10 9 9 9 9 9 	
       1/100 in (0.25 mm)   9.6     8.9   
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Test No. Thickness (mm.) 
Diameter  
(mm.) 
SMA. (MPa.) 
1 
SMAm. 
(MPa.) 
2 
Mean (MPa.) 
1+2 Mean (MPa.) 

	

 1 64.98 102.58 607.50 793.50 700.50 
628.00 2 63.40 102.60 542.00 676.50 609.25 3 63.50 102.00 565.00 621.50 593.25 
4 64.42 102.36 581.00 637.00 609.00 


 
1 65.74 101.64 936.00 655.00 795.50 
824.73 2 66.20 101.50 751.00 861.80 806.40 3 65.46 101.90 896.60 644.40 770.50 
4 65.00 101.38 847.80 1005.20 926.50 



 1 65.00 102.00 713.40 725.40 719.40 712.35 2 64.00 102.00 740.20 690.00 715.10 3 65.00 101.80 669.60 760.20 714.90 
4 65.00 102.00 589.20 810.80 700.00 

 
1 65.00 102.00 537.00 446.80 491.90 
631.98 2 65.60 101.90 587.00 629.20 608.10 3 65.00 102.00 671.00 651.80 661.40 
4 65.00 101.80 738.00 795.00 766.50 
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 Sample No.     
%AC by Mass of Aggregate  (a) = 6.00% 
%AC by Mass of Total Mix (b) = 5.66% 
Mass of Flask in Water (A) = 725.3g 
Mass of Flask in Air (B) = 1310.3g 
Mass of Flask + Sample in Air (C) = 2342.3g 
Mass of Sample in Air     =  C-B (D) = 1032.0g 
Mass of Flask + Sample in Water after Evacuation (E) = 1344.5g 
Theoretical Maximum Specific Gravity (Gm) =   
  = 2.500 
Virtual Specific Gravity (Gv) =   
  = 2.734 
Bulk Specific Gravity of Mix Aggregate (Gag) = 2.717 
Asphalt Lost by Absorption  (Aac) =   
  = 0.25% 
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Retained # 200 GB = 2.698 GA =2.760 
Passing  # 200 GA = 2.753 
Blend Sp.Gr.          = 2.703 
 
Description  Lime   (L) Bin 1  (B1) Bin 2  (B2) Bin 3  (B3) Bin 4 (B4) 
Bluk Specific Gravity           (GB) - 2.703 2.725 2.758 2.722 
Apparent Specific Gravity   (GA) - 2.756 2.770 2.788 2.761 
Flakiness Index                    (F.I.) - - 26 28 30 
Elongation Index                  (E.l.) - - 7 28 23 
%Passing Sieve # 4                 (P) - 92.9 14.5 0.4 0.6 
Mix Proportion                       (H) - 54 19 12 15 
Apparent Specific Gravity Blend =  	
   Blend GA = 2.763 
Bluk Specific Gravity Blend = 	
 Blend GB = 2.717 
Flakiness Index of Total Agg. = ..	
..	
..	
	
	
	
      = 28 
Elongation Index of Total Agg.   = ..	
..	
..	
	
	
	
      = 18 
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 10 	 Sieve Analysis   $
%, 56, %(')7   .  .!" #."
 (	
	 '		 .%	)

 
 
 
Sieve No. 
First Trial Second Trial Average 
% Passing Retained (g) 
Passing (g) Passing 
(%) 
Retained 
(g) 
Passing (g) Passing 
(%) 
ceme
nt 
#30 0 223.61 100.0 0 222.09 100.0 100.0 
#50 1.91 221.70 99.1 1.22 220.87 99.5 99.3 
#100 22.17 199.53 89.2 19.42 201.45 90.7 90.0 
#200 40.48 159.05 71.1 41.87 159.58 71.9 71.5 
Rock
 dust
 #30 0 207.10 100.0 0 207.76 100.0 100.0 #50 0.08 207.02 100.0 0.07 207.69 100.0 100.0 
#100 4.29 202.73 97.9 4.37 203.32 97.9 97.9 
#200 25.62 177.11 85.5 24.75 178.57 86.0 85.7 
Fly a
sh 
#30 0 200.09 100.0 0 201.96 100.0 100.0 
#50 0.82 199.27 99.6 1.16 200.80 99.4 99.5 
#100 11.67 187.60 93.8 11.57 189.23 93.7 93.7 
#200 33.7 153.90 76.9 34.8 154.43 76.5 76.7 
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 11 	 Bin Combination     .  .!" #."
 (	
	 '		 .%	)

 
Bin1:Bin2:Bin3:Bin4 =  54:19:12:15    by mass 
 
Sieve Size % Passing Combined Bin 1 Bin 2 Bin 3 Bin 4 
1 1/2"      
1"      
3/4"    100.00 100.00 
1/2"  100.00 100.00 59.97 94.00 
3/8" 100.00 99.94 72.23 25.31 85.45 
# 4 92.89 14.50 0.43 0.59 53.06 
# 8 50.44 1.07 0.25 0.35 27.52 
# 16 28.60 0.64 0.24  15.59 
# 30 19.60 0.63   10.70 
# 50 14.67    7.92 
# 100 11.34    6.12 
# 200 9.28    5.01 
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 12 	 Sieve Analysis Aggregate  56 Hot Bin 1   .  .!" #."
 (	
	 '		 .%	)

 
  
Sieve No. 
First Trial Second Trial Average % 
Passing Retained (g) 
Passing (g) Passing 
(%) 
Retained 
(g) 
Passing (g) Passing 
(%) 
#4 65.72 873.30 93.0 57.00 733.18 92.8 92.89 
#8 376.79 496.51 52.9 353.88 379.30 48.0 50.44 
#16 211.76 284.75 30.3 166.96 212.34 26.9 28.60 
#30 90.77 193.98 20.7 65.89 146.45 18.5 19.60 
#50 48.52 145.46 15.5 36.95 109.50 13.9 14.67 
#100 32.87 112.59 12.0 25.01 84.49 10.7 11.34 
#200 20.46 92.13 9.8 15.41 69.08 8.7 9.28 
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 13 	 Sieve Analysis Aggregate  3/8D Hot Bin 2   .  .!" #."
 (	
	 '		 .%	)

 
  
Sieve No. 
First Trial Second Trial Average % 
Passing Retained (g) 
Passing (g) Passing 
(%) 
Retained 
(g) 
Passing (g) Passing 
(%) 
3/8D 2.50 2114.79 99.9 - 1510.40 100.0 99.9 
#4 1808.82 305.97 14.5 1290.56 219.84 14.6 14.5 
#8 283.04 22.93 1.1 203.73 16.11 1.1 1.1 
#16 9.82 13.11 0.6 6.25 9.86 0.7 0.6 
#30 0.00 13.11 0.6 0.21 9.65 0.6 0.6 
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 14 	 Sieve Analysis Aggregate  1/2D Hot Bin 3   .  .!" #."
 (	
	 '		 .%	)

 
  
Sieve No. 
First Trial Second Trial Average % 
Passing Retained (g) 
Passing (g) Passing 
(%) 
Retained 
(g) 
Passing (g) Passing 
(%) 
1/2D - 2479.53 100.0 - 2422.57 100.0 100.0 
3/8D 651.33 1828.20 73.7 709.19 1713.38 70.7 72.2 
#4 1816.21 11.99 0.5 1704.14 9.24 0.4 0.4 
#8 5.27 6.72 0.3 3.61 5.63 0.2 0.3 
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 15 	 Sieve Analysis Aggregate  3/4D Hot Bin 4   .  .!" #."
 (	
	 '		 .%	)

 
  
Sieve No. 
First Trial Second Trial Average % 
Passing Retained (g) 
Passing (g) Passing 
(%) 
Retained 
(g) 
Passing (g) Passing 
(%) 
3/4D - 5345.66 100.0 - 5345.66 100.0 100.0 
1/2D 2139.69 3205.97 60.0 2139.69 3205.97 60.0 60.0 
3/8D 1852.84 1353.13 25.3 1852.84 1353.13 25.3 25.3 
#4 1321.81 31.32 0.6 1321.81 31.32 0.6 0.6 
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 16 	 Flakiness Index and Elongation Index  3/8D Hot Bin 2   .  .!" #."
 (	
	 '		 .%	)

 
 
Flakiness Index 
Sieve Size Width of Slot Sieve 
Mass of Aggregate (g) Flakiness  
index  % Retained A Passing  B 
 Total  
A+B 
(mm)                            (in.) (mm)       (in.)         
63.50-50.80              (2 1/2-2) 34.29    (1.350)         
50.80-38.10              (2-1 1/2) 26.67    (1.050)         
38.10-25.40              (1 1/2-1) 19.05    (0.750)         
25.40-19.05              (1-3/4) 13.34    (0.525)         
19.05-12.70              (3/4-1/2)  9.53     (0.375)         
12.70-9.52                (1/2-3/8)  6.68     (0.263)         
9.52-4.75                  (3/8-#4)  4.29     (0.169) 740.31 266.12 1006 
 Total 740.31 266.12 1006 26 
 
Elongation Index 
Sieve Size Width of Slot Sieve 
Mass of Aggregate (g) Elongation  
index  % Retained C Passing  D 
 Total  
C+D 
(mm)                            (in.) (mm)       (in.)         
63.50-50.80              (2 1/2-2) 34.29    (1.350)         
50.80-38.10              (2-1 1/2) 26.67    (1.050)         
38.10-25.40              (1 1/2-1) 19.05    (0.750)         
25.40-19.05              (1-3/4) 13.34    (0.525)         
19.05-12.70              (3/4-1/2)  9.53     (0.375)         
12.70-9.52                (1/2-3/8)  6.68     (0.263)         
9.52-4.75                  (3/8-#4)  4.29     (0.169) 68.93 937.5 1006 
 Total 68.93 937.5 1006 7 
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 17 	 Flakiness Index and Elongation Index  1/2D Hot Bin 3   .  .!" #."
 (	
	 '		 .%	)

 
Flakiness Index 
Sieve Size Width of Slot Sieve 
Mass of Aggregate (g) Flakiness  
index  % Retained A Passing  B Total  A+B 
(mm)                            (in.) (mm)       (in.)     
  63.50-50.80              (2 1/2-2) 34.29    (1.350)       
50.80-38.10              (2-1 1/2) 26.67    (1.050)         
38.10-25.40              (1 1/2-1) 19.05    (0.750)         
25.40-19.05              (1-3/4) 13.34    (0.525)         
19.05-12.70             (3/4-1/2)  9.53     (0.375)         
12.70-9.52               (1/2-3/8)  6.68     (0.263) 626.36 252.38 879  
9.52-4.75                  (3/8-#4)  4.29     (0.169) 834.96 314.25 1149  
Total 1461.32 566.63 2028 28 
 
Elongation Index 
Sieve Size Width of Slot Sieve 
Mass of Aggregate (g) Elongation  
index  % Retained C Passing  D 
 Total  
C+D 
(mm)                            (in.) (mm)       (in.)     
  63.50-50.80              (2 1/2-2) 34.29    (1.350)       
50.80-38.10              (2-1 1/2) 26.67    (1.050)         
38.10-25.40              (1 1/2-1) 19.05    (0.750)         
25.40-19.05              (1-3/4) 13.34    (0.525)         
19.05-12.70             (3/4-1/2)  9.53     (0.375)         
12.70-9.52               (1/2-3/8)  6.68     (0.263) 103.52 775.32 879  
9.52-4.75                  (3/8-#4)  4.29     (0.169) 472.51 676.6 1149  
Total 576.03 1451.92 2028 28 
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 18 	 Flakiness Index and Elongation Index  3/4D Hot Bin 4   .  .!" #."
 (	
	 '		 .%	)

 
 
Flakiness Index 
Sieve Size Width of Slot Sieve 
Mass of Aggregate (g) Flakiness  
index  % Retained A Passing  B 
 Total  
A+B 
(mm)                            (in.) (mm)       (in.)     
  63.50-50.80              (2 1/2-2) 34.29    (1.350)       
50.80-38.10              (2-1 1/2) 26.67    (1.050)         
38.10-25.40              (1 1/2-1) 19.05    (0.750)         
25.40-19.05              (1-3/4) 13.34    (0.525)         
19.05-12.70             (3/4-1/2)  9.53     (0.375) 2013.43 997.57 3011  
12.70-9.52               (1/2-3/8)  6.68     (0.263) 1079.63 340.41 1420  
9.52-4.75                  (3/8-#4)  4.29     (0.169) 541.74 193.35 735  
Total 3634.8 1531.33 5166 30 
 
Elongation Index 
Sieve Size Width of Slot Sieve 
Mass of Aggregate (g) Elongation  
index  % Retained C Passing  D 
 Total  
C+D 
(mm)                            (in.) (mm)       (in.)     
  63.50-50.80              (2 1/2-2) 34.29    (1.350)       
50.80-38.10              (2-1 1/2) 26.67    (1.050)         
38.10-25.40              (1 1/2-1) 19.05    (0.750)         
25.40-19.05              (1-3/4) 13.34    (0.525)         
19.05-12.70             (3/4-1/2)  9.53     (0.375) 233.10 2777.65 3011  
12.70-9.52               (1/2-3/8)  6.68     (0.263) 505.94 914.31 1420  
9.52-4.75                  (3/8-#4)  4.29     (0.169) 427.08 308.05 735  
Total 1166.12 4000.01 5166 23 
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 19 	 Specific Gravity and Density   $
% AC 60/70   $
%&		!' (	
	 '		 .%	)

 
 
 Test No. 1 2 
Pycnometer No.     
Temperature, oC 25 25 
Mass of Pycnometer plus Stopper (A),g 31.95 31.93 
Mass of Pycnometer Filled with Water (B),g 56.74 56.77 
Mass of Pycnometer Partially Filled with Asphalt (C),g 45.97 45.99 
Mass of Pycnometer plus Asphalt plus Water (D),g 57.20 57.17 
Specific Gravity of Bituminous Materials = 1.034 1.029 
Density of Water (WT),g/cm3 0.9971 0.9971 Density of Bituminous Materials = Specific Gravity x WT 1.03 1.03  
 
 
 
 
 
 
 
 
 
 
 
 
 
)]()[(
)(
CDAB
AC
−−−
−
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 20 	 Specific Gravity Test  Passing #200 Hot Bin 1   .  .!" #."
 (	
	 '		 .%	)

 
 Mass Pycnometer + SSD Sample =     -     g Mass Container + Dry Sample = 478.95g 
Mass Pycnometer  =     -    g Mass Container   = 189.70g 
Mass SSD Sample (A)  =     -    g Mass Dry Sample (B)  = 289.25g 
 
Determination No. 1 2 3 
Temperature (t)                                                          oC 45 40 35 
Density of Water (dt)                                              g/ml 0.9902 0.9922 0.9941 
Mass Pycnometer + Water + Sample (W1)                 g 837.47 838.18 838.67 
Mass Pycnometer + Water (W2)                                 g 651.78 652.86 653.56 
Apparent Specific Gravity   
GA(toc)           = 
 GA(30oC)        = 
2.766 
 
2.750 
2.761 
 
2.752 
2.761 
 
2.757 
Bulk Specific Gravity (Oven-Dry Basis) 
GB(toc)           = 
 
 GB(30oC)        = 
- 
 
- 
- 
 
- 
- 
 
- 
 
Average GA (30oC) = 2.753 
Average GB (30oC) = - 
%Water Absorption = - 
 
 
)12( WWB
dtB
−+
×
9957.0
dtGA×
9957.0
dtGA×
)12( WWB
dtB
−+
×
=×
− 100
B
BA
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 21 	 Specific Gravity Test  Retained #200 Hot Bin 1   .  .!" #."
 (	
	 '		 .%	)

 
 
 Mass Pycnometer + SSD Sample = 656.75 g Mass Container + Dry Sample = 733.47 g 
Mass Pycnometer  = 158.34 g Mass Container   = 239.13 g 
Mass SSD Sample (A)  = 498.41 g Mass Dry Sample (B)  = 494.34 g 
  
Determination No. 1 2 3 
Temperature (t)                                                          oC 45 40 35 
Density of Water (dt)                                              g/ml 0.9902 0.9922 0.9941 
Mass Pycnometer + Water + Sample (W1)                 g 969.32 970.12 970.55 
Mass Pycnometer + Water (W2)                                 g 651.78 652.86 653.56 
Apparent Specific Gravity   
GA(toc)           = 
 GA(30oC)        = 
2.769 
 
2.753 
2.770 
 
2.760 
2.771 
 
2.766 
Bulk Specific Gravity (Oven-Dry Basis) 
GB(toc)           = 
 
GB(30oC)        = 
2.706 
 
2.691 
2.708 
 
2.698 
2.709 
 
2.704 
 
Average GA (30oC) = 2.760 
Average GB (30oC) = 2.698 
%Water Absorption = 0.823 
 
 
)12( WWB
dtB
−+
×
9957.0
dtGA×
9957.0
dtGA×
)12( WWB
dtB
−+
×
=×
− 100
B
BA
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 22 	 Specific Gravity Test  56  
 . .%@ #."
  (	
	 '		 .%	)

 
 Mass Pycnometer + SSD Sample =     -     g Mass Container + Dry Sample = 762.32g 
Mass Pycnometer  =     -    g Mass Container   = 600.09g 
Mass SSD Sample (A)  =     -    g Mass Dry Sample (B)  = 162.23g 
  
Determination No. 1 2 3 
Temperature (t)                                                          oC 45 40 35 
Density of Water (dt)                                              g/ml 0.9902 0.9922 0.9941 
Mass Pycnometer + Water + Sample (W1)                 g 755.31 756.39 756.84 
Mass Pycnometer + Water (W2)                                 g 652.04 653.01 653.76 
Apparent Specific Gravity   
GA(toc)           = 
 GA(30oC)        = 
2.725 
 
2.710 
2.735 
 
2.726 
2.727 
 
2.722 
Bulk Specific Gravity (Oven-Dry Basis) 
GB(toc)           = 
 
 GB(30oC)        = 
- 
 
- 
- 
 
- 
- 
 
- 
 
 Average GA (30oC) = 2.719 
Average GB (30oC) = - 
%Water Absorption = - 
 
 
)12( WWB
dtB
−+
×
9957.0
dtGA×
9957.0
dtGA×
)12( WWB
dtB
−+
×
=×
− 100
B
BA
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 23 	 Specific Gravity Test  %(')7  78%* (	
	 '		 .%	)

 
 Mass Pycnometer + SSD Sample =     -     g Mass Container + Dry Sample = 478.95g 
Mass Pycnometer  =     -    g Mass Container   = 189.70g 
Mass SSD Sample (A)  =     -    g Mass Dry Sample (B)  = 289.25g 
 
Determination No. 1 2 3 
Temperature (t)                                                          oC 45 40 35 
Density of Water (dt)                                              g/ml 0.9902 0.9922 0.9941 
Mass Pycnometer + Water + Sample (W1)                 g 857.38 858.18 858.89 
Mass Pycnometer + Water (W2)                                 g 651.78 652.86 653.56 
Apparent Specific Gravity   
GA(toc)           = 
 GA(30oC)        = 
2.448 
 
2.435 
2.448 
 
2.440 
2.453 
 
2.449 
Bulk Specific Gravity (Oven-Dry Basis) 
GB(toc)           = 
 
 GB(30oC)        = 
- 
 
- 
- 
 
- 
- 
 
- 
 
Average GA (30oC) = 2.441 
Average GB (30oC) = - 
%Water Absorption = - 
 
 
)12( WWB
dtB
−+
×
9957.0
dtGA×
9957.0
dtGA×
)12( WWB
dtB
−+
×
=×
− 100
B
BA
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 24 	 Specific Gravity and Absorption of Coarse Aggregate  Hot Bin 2, 3, 4   .  .!" #."
 (	
	 '		 .%	)

 
 
Sieve No. 
Mass of Sample GB GA Absorption (%) 
In Oven - Dry 
Condition (g) [A] In SSD condition (g) [B] 
Immersed in 
Water (g)  [C] 
   
Hot
 bin
 2 1 916.77 922.13 585.37 2.722 2.766 0.585 2 981.71 987.62 629.30 2.740 2.786 0.602 
3 911.05 916.22 580.56 2.714 2.757 0.567 
  
total 2809.53 2825.97 1795.23 2.725 2.770 0.585 Average 
Hot
 bin
 3 1 936.53 940.15 600.73 2.759 2.789 0.387 2 979.02 982.93 627.82 2.757 2.788 0.399 
3 971.39 975.10 623.03 2.759 2.788 0.382 
  
total 2886.94 2898.18 1851.58 2.758 2.788 0.389 Average 
Hot
 bin
 4 1 1032.55 1037.87 656.10 2.705 2.743 0.515 2 952.80 957.89 609.36 2.734 2.774 0.534 
3 1011.15 1016.40 645.51 2.726 2.765 0.519 
  
total 2996.50 3012.16 1910.97 2.722 2.761 0.523 Average 
 
 
 
CB
A
− CA
A
−
100)( ×−
A
AB
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 25 	 Sand Equivalent Test  Hot Bin 1   .  .!" #."
 (	
	 #%*	,		
8 
 
Sample 
No. 
Sand 
Reading 
Clay 
Reading 
 
 
1 3.3 4.7 70% 
2 3.4 4.8 71% 
  Average = 71% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
=×= 100
ReadingClay 
Reading Sand
  Equivalent Sand
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 26 	 Abrasion Test of Coarse Aggregate by Los Angeles Machine   3/4D    .  .!" #."
 (	
	 #%*	,		
 8 
  
Sieve Size Accumulative 
Passing Retained on Mass of Sample, (g) 
3/4" 1/2" 2500 
1/2" 3/8" 2500 
Original Mass of Sample (W1) 5000 Final Mass of Sample (W2) 3810 Loss (W1-W2) 1190 
Percentage of Wear = 31.23 % 
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W
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 27 	 Soundness Test of Aggregate   3/4D Coarse Aggregate   .  .!" #."
 (	
	 '		 .%	)

 
  
Sieve Size   
(mm) 
% Retained of 
Original 
Sample 
Mass of Test 
Fraction Before 
Test,(g) 
Mass of Test 
Fraction After 
Test, (g) 
Actual Loss,           
(g) 
Actual 
% Loss, (g) 
Weighted 
% Loss 
37.5-19.0 3.5 - - - 0.34 0.01 
19.0-9.5 45.2 1010.4 1007 3.4 0.34 0.15 
9.5-4.75 47.1 300.6 296 4.6 1.53 0.72 
Minus 4.75 4.2 - - - 1.53 0.06 
 Total % Loss 0.95 
 
 
 
 
 
 
 
 
 
 
 
 
111 
	
 28 	 Soundness Test of Aggregate  56 Fine Aggregate   .  .!" #."
 (	
	 '	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.%	)
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Sieve Size   
(mm) 
% Retained of 
Original 
Sample 
Mass of Test 
Fraction Before 
Test,(g) 
Mass of Test 
Fraction After 
Test, (g) 
Actual Loss,           
(g) 
Actual 
% Loss, (g) 
Weighted 
% Loss 
9.5-4.25 4.7 - - - 5.0 0.24 
4.25-2.36 18.0 100 95.0 5.0 5.0 0.90 
2.36-1.18 26.4 100 96.3 3.7 3.7 0.98 
1.18-0.60 18.2 100 96.0 4.0 4.0 0.73 
0.60-0.30 11.9 100 95.8 4.2 4.2 0.50 
Minus 0.30 19.0 - - - 4.2 0.80 
 Total % Loss 4.1 
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 29  : 1 0,%   
, 	$
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	56, 	%(')7   .  .!" #."
, $
%&		!', 
 ., 78%* 
 	 
    
  ! "
#  2,418×0.048 2,418×0.048 2,418×0.048 2,418×0.048 
 = Kg. 116.06 116.06 116.06 116.06 "
##$   2,418×0.000 2,418×0.020 2,418×0.025 2,418×0.030 
 = Kg. 0.00 48.36 60.45 72.54 % 1 '()*+        Kg. 116.06 116.06 116.06 116.06 #$ Kg. 0.00 48.36 60.45 72.54  1 #* (, 13,000.00 13,000.00 13,000.00 13,000.00  1 (.. (, 1,508.83 1,508.83 1,508.83 1,508.83   1 (..* (, 350.00 350.00 350.00 350.00 #$ 1 #* (, 0.00 2,400.00 0.00 115.00 #$  1 (.. (, 0.00 116.07 0.00 8.34    1 (.. (, 1,858.83 1,974.90 1,858.83 1,867.17 )% : *-1)0%*(	
# ) 
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&" ,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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
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	 1.0, 1.5, 2.0, 2.5, 3.0, 4.0 +/- 5.0 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
	 9."%&"#;+/-3,,( 
	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#)
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-")%
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-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;0
	 1.)

+% (Density) 2.;0.%%

	
4 (%Air Voids)  3.)%
	
1/ (Flow) 4."3
  (Stability) 5.;0.%%

	
4"%,#	+,+"8/ (%Voids Filled with Bitumen, VFB) +/-6.;0.%%
-%
"/ (%Voids 
in Mineral Aggregate, VMA) 

C
	
/ 9-.	
/2
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
C
 ASTM 
D1559-82+/-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ABSTRACT :  Nowadays, usage of automobile is rapidly increasing. Therefore, needs for developments of roadways are 
considered high priority. The primary concern is the surface of streets. Since it is used all time, the surface wears out very quickly 
causing potholes and roughness and, subsequently resulting accidents to occur very easily. Presently, many natural materials are 
being used in road constructions causing rapid decrement in such resources. This experiment uses rock dust left from asphalt 
concrete manufacturing and fly ash, by-product from burning of lignite from Mae Moh Power Plant, as additives to asphalt 
concrete compound. This research will use the AC 60-70 rubber in the amount of 4, 4.5, 5, 5.5 and 6 percent by weight, 
respectively, as additive to the asphalt concrete compound. Then, when an appropriate percentage is obtained, No.1 Portland 
cement, rock dust and fly ash, in the amount of 1, 1.5, 2, 2.5, 3, 4 and 5 percent, respectively, will be added using No. 1 Portland 
cement compound as reference. Finally, the study will observe which one of the values, resulted in graph showing the relation 
between percentages of rubber added and 1. Density,  2. %Air Voids,  3. Flow, 4. Stability, 5. %Voids Filled with Bitumen (VFB), 
and 6. %Voids in Mineral Aggregate (VMA). The experiment uses Marshal5s procedure under the ASTM D1559-82 standards and 
Dynamic Indirect Tensile Stiffness Modulus.   
KEYWORDS : Rock Dust, Fly Ash, Marshal5s, Indirect Tensile Stiffness Modulus 
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 AC. 4.8% Cement 
2% 
Dust Rock 
2.5% 
Fly Ash 
3% 
Density(gm/ml) 2.418 2.462 2.479 2.458 
Air voids % 4.8 3.2 2.4 3.3 
Stability (lbs) 2,224 2,514 2,438 2,421 
Flow (1/100") 10 11.32 11.2 10.3 
V.F.B. % 68.1 76.9 81.1 75.9 
V.M.A.% 15 13.5 12.9 13.7 
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